Abstract Access to water and water availability remains a key factor in ensuring the sustainability of development in Southern Africa. The need for guidelines to improve management of this valuable resource, and to regulate pollutant discharge, is therefore of national interest.
Introduction
South Africa faces many of the problems experienced by developing countries in which rapid industrialisation, population growth and urbanisation pose a threat to the quality of the environment. Degradation of quality of the environment results from contamination by point as well as non-point or diffused sources of pollution.
Point source pollution refers to pollutants, which enter the environment from a stationary location, and sources are easily identifiable. Although point source discharges still produce some pollution, imposing specific permit conditions controls most of them.
Non-point source (NPS) pollution however, cannot be traced to a specific spot. Sources are diffuse and far more difficult to monitor and control. NPSs are less visible sources of pollution, more widespread and introduce vast quantities of pollutants into the environment in a dispersed manner. NPSs include: atmospheric deposition; contaminated sediments; polluted run-off; leaching from onsite waste disposal; and in-place contamination (such as leakages and spills).
In terms of pollutant loads, number of sources, aerial extent and number of contributors, NPS pollution is a much larger and complex problem than point source pollution (DENR, 2005) . In order to manage and mitigate NPS pollution an integrated approach is required, involving watershed management, land use planning, air pollution control and a variety of best management practices. The coal-fired and nuclear power stations are the only power stations that are fully operated at all times. These stations are referred to as 'base-load' power stations, which operate on a 24-hour basis to ensure a constant supply of energy for normal daily consumption. Hydroelectric and pumped storage schemes are only used during South Africa's peak periods, such as the early hours of the morning and evenings. Gas-turbine power stations are only used during extreme emergencies due to their very high operating costs. During this study, it was found that most of the power stations operated by municipalities could in the past generate up to 180 MW, but are at present only re-fired in winter times to generate approximately 90 MW.
Types of pollution associated with power generation
The typical life cycle of coal used for electricity generation can be considered as three broad stages: coal mining and preparation; material processing and coal combustion; and coal combustion product disposal (Babbitt and Lindner, 2005) . In each of these stages resources are used, substances emitted to the air, surface water are impacted upon, and wastes generated. Pollutants emitted into the atmosphere (such as particulates) can have a significant impact on ground-level objects and surface water sources, since they are deposited to soil surfaces and water resources through processes of wet (precipitation) and dry (as particles) deposition. Table 2 presents a summary of the major air pollutants generated during coal-fired power generation operations and the effect on the environment.
Even though emissions from power plant stacks are regarded as point source pollution, air pollution is also categorised as a diffuse or non-point source of water pollution.
Water pollution
Freshwater is essential to support human life, ecosystems and economic development (CSD, 2001 ). This critical, yet scarce resource needs to be managed sustainably if economic development and ecological integrity are to be realized.
All Eskom plants operate on a policy of zero liquid effluent discharge, i.e. no polluted water is allowed to leave the site under any conditions. The water control system is designed specifically for treatment and reuse of water and all the liquid effluents produced, including treated sewage and accumulated storm water. All effluents produced are collected and stored in dams on the power station site. This water is then re-used for functions that can accept lower quality water. In this way the amount of wastewater recycled is maximised and the quantity of raw water required is minimised.
The wastewater dams used by power stations are managed carefully in terms of the water quality and water level to minimise the impact of any spillage or leaching into the natural environment. The only way in which water mostly leaves the confines of the station is by evaporation from the cooling towers.
Although no polluted water is allowed to leave Eskom sites, non-point pollution deliver pollutants to water-bodies in a dispersed manner such as: † Atmospheric deposition, referring to contaminants entering waters from polluted air (e.g. fly-ash from coal fired plants) † Leaching from coal storage piles † Runoff from areas containing dust fall-out from coal handling and † In place contamination (such as leakages and spills)
The most important anthropogenis pollutants in atmospheric deposition are sulfur dioxide, particulates and nitrous oxides (Turner, 1990) . Nitrogen compounds are largely taken up in biological processes, whereas sulfate tends to be more inert (Skoroszweski, 1999). These emissions may be converted through a series of complex chemical reactions, into sulfuric acid, nitric acid, carbonic acid or hydrochloric acid, increasing the acidity of the rain or other type of precipitation onto surfaces such as land and water causing surface waters to become more acidic. Salinity and acidity are the major water quality problems associated with atmospheric pollution. Acidity of surface water is indicated by parameters such as pH, sulfur and aluminium concentrations.
Results and discussion

Air pollution
Eskom has been operating an ambient air quality-monitoring network since the 1980s. This network includes strategic sites and sites in the immediate vicinity of certain power stations. The network provides strategic information on long-term trends in air quality from various sources on a national and regional scale. Atmospheric emissions of particulate matter (TSP), SO 2 and NO x (expressed as kg/MWh generated) related to coal-fired power plants are presented in Figure 1 .
Annual emmisions of CO 2 are shown in Figure 2 .
Results show an increase in relative particulate, SO 2 , NO x and CO 2 emissions over the period 2002 -2005 . This increase is primarily due to an increase in the amount of coal burnt resulting from an increased electricity demand.
Water
Due to its large coal deposits, Mpumalanga accommodates most of the power stations in South Africa. The Mpumalanga provincial boundary runs through four of South Africa's water management areas (WMA). Nearly half of Mpumalanga (53%) drains into the Olifants River catchment. The rest of the surface runoff enters the Orange/Vaal River, Inkomati (Crocodile, Sabie, Sand and Komati Rivers) and the Pongola (Usutu River) river systems (DACE, 1999) .
Water quality in Mpumalanga is impacted by † Mining † Electricity generation † Manufacturing † Agriculture (fertilizers and pesticides) † Forestry sectors Eight of the ten operational coal-fired power stations in South Africa are situated in Mpumalanga which contribute roughly 70% of the total electricity generated in South Africa. Emissions from coal-fired power stations are a serious concern for Mpumalanga as they cause impaired air and water quality in areas close to and away from the emission source.
The 2003 Mpumalanga State of the Environment Report indicates that surface water nutrients are routinely monitored. Water quality indicators have shown a general decrease in water quality over the past six years. Median levels of surface water nutrients have increased and indicate a potential for enrichment. The consequences of these elevated levels are: † A greater potential for algal blooms † An impact on riverine ecosystems † Impairment of human health High (and increasing) total dissolved salt levels in the Olifants and Usutu WMAs have been reported by the Department of Water Affairs and Forestry (DWAF, 2002) . Barta (2005) reported that the main water quality problem in the Vaal River System is also salinity, which has been rising, in recent years. Skoroszweski (1999) undertook a study on the Suikerbosrand catchment, a small undisturbed catchment in the Vaal River catchment, to determine the relationship between atmospheric deposition and water quality. The study indicated that sulfate was the most common chemical variable in terms of salinity. Sulfur contributed 30 -44% of the total salt load in the catchment. A study conducted in the Vaal Dam catchment indicated that increased runoff causes atmospherically deposited sulfur to be washed out of the soil and released into surface waters (Bosman, 1990) . It was found that during dry periods atmospherically deposited sulfur is retained in the soil (Bosman, 1990) . A four-year study indicated that only 36% of the atmospherically deposited sulfate was exported during dry years, but that 92% was exported during wet years (Bosman, 1990) . As South Africa has more "dry years" than "wet years", this would suggest a considerable accumulation of sulfate soils. The recommendations made in the study included the need for detailed study of the soil as well as the hydrology of the catchment (Molebatsi, 2002) . Barta (2005) estimates that almost half of the total salt load originates from NPS pollution.
A study conducted by Molebatsi in 2002 investigated the impact of atmospheric emissions from the Majuba power station on surface water quality. The study investigated the possibility of occurrence of salinity and acidity problems in waters within a 31 km radius of the Majuba power station. The study was conducted over a period of three years and the physical, chemical and biological quality of surface water was assessed at six sampling sites. Results showed that emissions due to coal-fired power generation affect the quality of surface waters only to a minor extent. Two of the six sampling sites closest to the power station showed salinity problems, which were indicated by acidity levels as well as total, dissolved salt concentrations. Water quality at the four remaining sampling sites was of acceptable quality. At the WMA scale, high exceedances above water quality guidelines exist for pH levels in the Mpumalanga province. High levels of aluminium, iron and manganese also exist in surface waters in the Mpumalanga Province (DACE, 2003) . Evidence of increases in groundwater nutrient concentrations can be seen in six groundwater regions in Mpumalanga (Eastern Bushveld, Eastern Bankenveld, Lowveld, North East Middelveld, Central Highveld and Eastern Highveld, DACE, 2003) .
Conclusions
The power generating industry continually assesses the management of water resources and complies with water legislation as determined by the Department of Water Affairs and Forestry. The National Water Act (Act 36 of 1998) requires all power stations to be registered as water users. In recent years, measures have been taken to reduce the water intake and pollution potential of power generating stations. These measures included the installation of dry-cooling and dry-ashing systems, the installation of desalination plants to treat mine water which can be used to supplement raw water sources, as well as improved management and operation of processes (the zero liquid effluent discharge philosophy that encompasses a number of measures such as reuse, recycling and cascading water use in terms of water quality systems).
NPS pollution however, remains a serious threat to the environment, especially in the light of increasing energy demands. These sources needs to be identified, pollution quantified and strategies developed to address the problem areas. Best management practices limit exposure, but do not eliminate the problems and although emissions of most coal-fired power plants are within permitted allowances, their cumulative effects should be considered.
